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l. Motivation — Observation impact in ensemble systems

Why assessment of observation impact?

* Detect issues with certain observations and their assimilation

* Optimizing the observing, data assimilation and forecasting system
* Enhance the cost-benefit ratio

Why approximation of the observation impact?
 COSMO-KENDA of DWD is an ensemble system / no adjoint model available
* Very low computational cost as ensemble is computed anyway

(data denial is too expensive)

Goals:
* Estimate the impact of observations in the pre-operational regional LETKF DA
system of Deutscher Wetterdienst (DWD)
* Verification with independent observations
(Instead of model analysis)
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Il. Method — Theoretical background
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G Assimilation of di, Observation Impact J(d)
g -+ (e.g. if only AIREP €y, ...measured as forecast error difference
4
7 All observations d
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Goal: Contribution of different
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€y, = Xe|t, — X't Error of forecast initialized at t; o
- By definition:
X¢|ts Xt|t; Forecast means

Negative J - beneficial impact

x"¢ Verification o ) _
Positive J- detrimental impact
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Il. Method — Calculation of the observation Impact (J)

J : Observation Impact .
Y, : Analysis ensemble

Y]‘ci Forecast ensemble in obs . space
/ R : Obs. error cov. matrix

Jd) =~ —— ef - Y;! (v4) R'd’

d’ : Innovation vector of subset of observation
d=y,— ¥Yp

e? : Forecasterror ~ ef = Hveri(xf) — Yveri

/ ST Y,eri : Observation used for verification

H,..; : observation operatorinto verification space

Super-script “d”: set of observations used in analysis ( Following Kalnay et al 2012)
Sub-script  “f”: forecast ( Reformulated by Sommer & Weissmann 2016)
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Il. Method - Comparison to data denial

(b) Data denial and approximated impact
%10 Impact time series of AIREP

j '. .' : e — .' observations from the data
Data denial AIREP impact | ---- 4 . .
denial experiment (black) and
. . . . approximation (red).
o I " 5 T A S D S Values are displayed for
1 : : i ' ' ' ‘ initialization time (solid

= Approximated AIREP impact [

— circles) and forecasts up to 6 h
"6‘ ............................................. (linES).
ST L ./ AT . . .
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Cycle ( Sommer & Weissmann 2014)
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Il. Method — Verification with observations

Sensitivity to the verification metric: Impact depends on the set of verifying observations

-> Use independent as well as full set of observations for the verification:
Remote Sensing observations (Radar precipitation & GNSS IWV humidity)

0.02 , | | |
0
-0.02 — —
©
S -0.04 - =
E
006 I \crification with AIREP |
[ ] Verification with PROF
008 [ ] Verification with SYNOP |
I \crification with TEMP
-0.1 l | | |

AIREP PROF SYNOP TEMP

Fig. 4. Approximated observation impact summed over the experimental period using different observation types for verification

(Sommer & Weissmann 2016)
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Period:

[ ]

14 days (112 cycles): 17.-30. May 2014

e Summer period with convective precipitation
Model:
* Regional COSMO-KENDA (LETKF) ensemble
system of DWD (40 member)
* Convection permitting model (2.8km grid spacing)
Setup:
* |nitial and boundary conditions: ICON
e 1-dayspin up
* 3h cycling /verification window 1-3 h after analysis

Operational setup of DWD except:

— No adaptive localization ( Ih: 100km / Iv: In(p)=0.3 )

— No adaptive inflation

.; PRC:)F

ooo SYNOP|.2.

55°N |-

52°N

o
o- ©

» o o °

H T o

49°N i @i mg )
0.5

[+]
Q.
[+]
Q
H o
[+]
o
Sa

o
P
®
¥o 000
§Po

46 o N _c

3°F 6°F 9°F

Stations of different observation
types in the COSMQ-DE domain
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IV. Results - Verification with independent observations
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IV. Results - Verification with independent observations

Verification with observations:
— Humidity (GNSS IWV):

— Precipitation (Radar product):

Humidity GPS Stations

Precipitation [mm/3h]

>>> Remote Sensing <<<

+ increased number of RH verifying observations
+ good temporal & spatial coverage

+ primary forecast quantity

+ user relevant

+ spatial coverage

Domain mean precipitation

Number of obs: 16918

RW tot_prec mm/3h 2014052618

Timesseries: TOT_PREC domain mean (Mean)
T T T T
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* |Impact varies strongly with time

* Remote Sensing verification shows larger
impacts for rainy days

Total Impact

* Impact Ratio - (Pos. : Neg.) - (48% : 52%)
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IV. Results — Total impact

300000

* Beneficial impact for most observations except AIREP
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» \Verification with precipitation shows reasonable results
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e Verification with humidity shows ambiguous results
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IV. Results — Mean impact per observation

300000

» \Verification with conventional and precipitation
observations shows similar results except for TEMP
( TEMPs usually good verification but due to setup
only few tropospheric soundings for verification )
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e Verification with humidity shows largest impacts for RH
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V. Characteristics of the method - Biases

Verification with conventional + surface pressure (PS) , AIREP PROF 707 TEMP
e Large beneficial impact for surface pressure if verified :
with later pressure observations Total
Bl impact
* Impact seems to be dominated by samll biasof 2Pa  ~| including PS
(= 10% of departure) "\ in verification
— Further investigation/sensitivity studies required L

unv T RH UV UNIOM  PS unv T RH

0.0010 ‘ Impact‘per Obstype (M?an) 0.04 ‘ IPS Bias (hPa) ‘ .
| | | | —on]| .
Diurnal variation of PS impact vl =2 Mean bias of departures |
= 0.02 Lo b
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Sensitivity to the verification metric m
Relative contribution to the total impact [%]

-> Full set of observations needed for reliable verification
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-> Conventional:
-> Remote Sensing:

V. Characteristics of the method — Localization

verification = assimilation localization
Precipitation without vertical localization

Humidity vertical localization reasonable
Localization of non-local GNSS IWV observations in the verification

(Box - Whisker - Plot)

Height distribution of the AIREP impact
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VII. Summary

 Method is adapted to verify with independent remote sensing
observations: Precipitation (Radar Product) & Humidity (GPS IWV).

* Verification with conventional & precipitation observations
for a 14 day test period in Mai 2014 show beneficial impacts for
most observations (except for small sample of RH & biased PS).

* Applying the GNSS IWV can fill the lack of too few RH observations in the
verification of with conventional observations.

= — * Impact approximation is sensible to the verification metric. Set of
observations for verification should be as complete as possible.

* A bias (as seen for surface pressure) seems to be an issue.

» Various studies work on assimilation of remote sensing /satellite data
which makes a cheap evaluation tool more crucial in future.
-> Talk by Leonhard Scheck
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